The present study reports a simple and inexpensive method for improving the textural properties and stability of -alumina by adding crushed sugar cane bagasse to the synthesis gel (highly crystalline bayerite was used as an aluminum source).
Introduction
Nowadays more than 90 million tons of alumina is produced per year for several purposes 1 . Particularly -alumina is widely used as a support in several petrochemical processes 2 (catalytic cracking, hydrotreatment and hydrogenation reactions), thanks to its high surface area and thermal stability compared with other alumina polymorphs. The improvement of alumina textural properties as well as its thermal stability is of prime importance, i.e. raising pore size and volume is accompanied by higher mass transfer, thus leading to a better access toward the catalytic sites. Indeed, the higher the surface area is, the lower mass of catalyst is required in a process. Hence this study is of great interest for both academic and industrial research. , surfactants 7 , hard templates 8 , and besides, a combination of a dual soft template resulted in alumina containing macro-and mesopores in the range of 100-600 nm and 8-10nm, respectively 9 . By a proper control of water content in aluminum alkoxide precursors, without assistance of structural agents, -alumina with a high surface area and large pore size with broad dispersion was recently produced by Bartholomew et al. 10 . Though, our intention is not to extensively describe these methods, textural properties of some γ-alumina obtained in the literature are presented in Table 1 . However, it is important to point out that these methods remain quite sophisticated and expensive with respect to conventional hydrothermal route. The applicability may therefore be hindered in domains involving loss of material or deactivation like in fluid catalytic cracking process 11 .
As an alternative to these sophisticated methods, alumina with BET area comprised between 230-315 m 2 /g and pore diameter in the range of 3-4 nm were prepared in the presence of methyl-cellulose 12 . Yeast cells were also used for preparing alumina 13 , resulting in macro-and mesopores in the range of 1.5-3 μm and 3-4 nm, respectively. Likewise, specific surface areas up to 343 m 2 g -1 were
achieved. Finally, sugars and polysaccharides largely improved alumina areas (Table   1 ) but at the expense of crystallinity 14 .
-alumina structure is often described by a defect cubic spinel structure exhibiting Fm-3m space group (ICSD number 030267) 10 . Furthermore, -alumina is typically formed via topotatic transformation of boehmite 15 . The stacking of -alumina matrix could be related to oxygen sub-lattice from boehmite. The arrangement of crystallites into corresponding boehmite determines -alumina morphology and porosity due to the pseudomorphic transformation of one phase into another 16 . Transitions alumina (up to α-alumina) undergo meta-stable transformations 17 in both crystal self-assembly processes during pre-synthesized colloidal sol-gel system and during thermal treatment. These steps involved in the precursor transformation to -alumina could be affected by the presence of organic molecules according to a supramolecular mechanism.
Sugar cane bagasse, a second generation biomass, is a by-product of sugar and ethanol production in Brazil for example 18 . The introduction of biomass residues was already performed in the synthesis of zeolites 19 , leading to smaller crystal size in the range of 50-100 nm, but none report focusing on alumina preparation could be found using these agricultural crops. Herein, γ-alumina was prepared by a conventional hydrothermal method in the presence of sugar cane bagasse. Highly crystalline bayerite was used as an aluminum source and the relative amount of biomass regarding bayerite was varied from 1 to 0.05 (in wt%) and yet alumina was prepared in the presence of modified biomass by prior hydrolysis.
Experimental Section

Materials
Bayerite alumina, Al(OH) 3 , with the following composition in wt%: 64. and sieved in 20-80 mesh particles. All reagents were used without further purification.
Alumina preparation
Two references alumina (without biomass introduction) were synthesized.
Firstly, 2 g of bayerite was added to 5 mL of deionized water (obtained by Simplicity UV-Millipore equipment) at room temperature. These components were mixed during 10 min using a mortar and pestle, then transferred to an autoclave and kept for 16 h at 423 K under autogeneous pressure. The resulting white gel was subsequently filtered and washed with deionized water, calcined in a muffle furnace in air at 600ºC for 2h (at a heating rate of 10ºC/min). This alumina was named This sample was named Al 2 O 3 HBM.
Characterization
Nitrogen adsorption-desorption measurements were carried out using a ASAP 2010 Micromeritics volumetric apparatus. Prior to the measurements, the samples were outgassed in vacuum at 300ºC overnight. Specific surface areas (SSA) were calculated according to the Brunauer-Emmett-Teller (BET) method, using a P/P 0 range between 0.05 and 0.2. Pore volumes (PV) were determined by the BJH method from the isotherm adsorption branch. Transmission electron microscopy (TEM) and high-resolution TEM (HRTEM) images, as well as selected area electron diffraction (SAED) patterns of the materials were recorded using an FEI aberration-corrected Titan 80-300 microscope operated at 300 kV. . These results suggest that the type of biomass in relation to its composition and / or topology could be an important parameter in the design of tailormade alumina. In contrast to the presence of biomass itself, the synthesis of alumina performed in the presence of alkaline biomass hydrolysis solution neither increased the BET area nor the pore volume. These properties remained similar to those of
Results
-alumina
The amount of n-hexane adsorbed on each alumina is plotted against the SSA values ( Figure 1 ). The alkane adsorption was increased while raising the SSA of alumina prepared with sugar cane residues; this is in agreement with the data related to textural properties (Table 2) . Surprisingly, BET areas were rather similar for 1:1 to 1:10 bayerite / bagasse ratio whilst a nearly 30% higher hexane quantity was adsorbed on Al 2 O 3 BM1:10 with respect to Al 2 O 3 BM1:1 sample. The presence of a primary microporous structure and connected pores (also supported by nitrogen adsorption-desorption isotherms and HRTEM images in coming sections) may partially explain these results.
The adsorption-desorption isotherms and distribution of pores are presented in XRD diffraction patterns of all alumina after hydrothermal synthesis followed by thermal treatment at 600 o C are presented in Figure 4 . Eta and gamma alumina were obtained by thermal treatment of bayerite and boehmite, respectively 4 . It is noteworthy that bayerite was converted into boehmite upon dehydration. Based on these aforementioned data ( Table 2 and Figure 1 ), it appears that the presence of bagasse itself in the hydrothermal step is responsible for enhancing the alumina textural properties. Hence the type and nature of biomass residues seem to affect the process of alumina crystals self-assembly. Figure 4a shows that bayerite underwent phase transition to boehmite in REF1 alumina, yielding after thermal treatment γ-alumina phase formation. Figure 4b presents the pattern of REF2 alumina formed after direct thermal treatment of bayerite. When biomass was introduced in the preparation gel, the transition of bayerite to boehmite was partially hindered, as for instance in Al To summarize this part, the use of sugar cane bagasse as sacrificial template led to major modifications in the organization of alumina phase, both in terms of porosity as well as long distance ordering. To further confirm these observations, HRTEM measurements were performed over Al 2 O 3 REF1 and Al 2 O 3 BM1:10 aluminas ( Figure 6 ). As shown in Figure 6b and d, both samples demonstrated regular alumina planes. Al 2 O 3 REF1 is formed by oriented lamellar structure, which assemble into a compact ''card-pack'' microstructure upon annealing (Figure 6a ). In contrast, Al 2 O 3 BM1:10 exhibited a regular porous distribution in the lamellar structure (Figure 6d ).
Yet these pores showed diameter with wide dispersion from 1 to 8 nm, being mainly centered around 2-4 nm ( Figure 7) . HRTEM results indicate that these pores are mainly formed by enclosure of alumina (111) and (002) 
Tentative growth mechanism
In terms of mechanism understanding, our results can be related to the presence of large biomass-derived compounds, such as polysaccharides or large phenolic compounds and / or alternatively to numerous molecules that play a central role in the self-assembly process in alumina crystals formation. However, the pore formation is not the result of gel particle formation around biomass residues 13 .
Neither textural properties nor XRD patterns were affected when alumina was prepared in the presence of an alkaline hydrolyzate solution of biomass fibers under the same conditions of reference alumina preparation. One cannot rule out the possibility of these species being largely different from those formed during alumina preparation in the presence of biomass. In addition, the improvement of alumina textural properties was not largely affected by biomass quantity, but rather by the type of biomass (when biomass was previously hydrolyzed). One can therefore argue that under in situ conditions, hydrolyzed polysaccharides may be the key components in modifying alumina textural properties. Further studies are under progress to get a deeper understanding on the nature of the organic compounds, formed in solution, being responsible for peculiar crystal growth in those biomassmediated materials.
The latter molecules, related to biomass composition, are probably interacting with hydroxyl groups in the gel precursor. This phenomenon may result in a partial blocking of both bayerite dehydration to boehmite and crystal connectivity, which in turn is responsible for generating a highly ordered porous structure (HRTEM results).
Indeed, it was proposed that monosaccharides interacted strongly with gel particles 14 . It was also shown that xylitol preferentially interacts with boehmite lateral faces rather than basal faces 26 , hence creating an interaction with boehmite via hydrogen bonds. The preferential interaction with non-basal faces perfectly agrees with HRTEM measurements, where the number of lateral faces increased when alumina was prepared in the presence of biomass. Finally, it should also favor the self-assembly of hundreds of nanometer-sized crystals, as suggested by XRD data.
In terms of improving alumina textural properties, our results are rather promising compared with those found in literature. Nevertheless, higher textural properties (larger and narrow mesopores, good thermal stability) can be generally achieved using more sophisticated methods. However, the results reported herein put on alert that these cheap crop residues could be valorized, resulting not only in improving the catalyst support properties but also in mitigating environmental damage.
Conclusion
Alumina was successfully prepared in the presence of biomass residues (sugar cane bagasse) using conventional hydrothermal route and highly crystalline bayerite precursor. The presence of bagasse raised the specific surface area, pore volume and mesopores (with mean diameter of 2-4 nm). These mesopores were produced by enclosure of (111) and (002) lattice planes.
Moreover, the presence of biomass (the nature rather than its amount) strongly affected the self-assembly process of the crystals. 
